Abstract: The aim of this study was to compare the effects of botulinum toxin injection between subacute and chronic stroke patients.
INTRODUCTION
S pasticity is common after stroke, limiting range of motion and causing functional derangement. It is found in 19% of patients 3 months after stroke onset 1 and in 20% after 18 months. 2 Botulinum toxin treatment for spasticity has been reported to be effective in terms of the modified Ashworth scale and patients' global assessment scores; however, significant improvement was not demonstrated in global functional assessment scores, such as the Barthel index and the functional independence measure. 3 Studies on botulinum toxin injection for post-stroke spasticity have mostly dealt with chronic stroke patients. 4 Early use of botulinum toxin is recommended to prevent soft-tissue shortening 5 because spasticity contributes to contracture development in acute-to-subacute stroke. 6 There have been several reports about successful results of early botulinum toxin treatment in subacute stroke patients 7, 8 ; however, the effects of botulinum toxin were not compared between subacute and chronic stroke patients.
The goals of this study were to demonstrate differences in botulinum toxin treatment outcomes between subacute and chronic stroke patients, and to suggest proper timing of botulinum toxin injections.
METHODS

Participants
Patients with hemiplegic stroke owing to cerebral infarction or hemorrhage were recruited. Patients with spasticity of 1þ or higher on the modified Ashworth scale, in the hemiplegic elbow or wrist joint, were eligible. Exclusion criteria were quadriplegic stroke, fracture in the upper extremity, recent (<3 months) botulinum toxin injection, history of nerve block, intrathecal medication, upper arm operation to treat spasticity, unstable medical conditions, hypersensitivity to botulinum toxin, neuromuscular junction disease, pregnancy, and lactation. The study protocol was approved by the local institutional review board and conducted in accordance with the regulatory standards of Good Clinical Practice and the Declaration of Helsinki. All study participants or their legal representatives provided written informed consent.
Only patients undergoing inpatient or outpatient rehabilitation treatment !2 days per week were included. From these, 2 groups were selected. Patients with elapsed time from stroke of between 4 weeks and 6 months were identified as the subacute group, whereas patients with elapsed time of >5 years were the chronic group.
Intervention
A total dose of 200 U of botulinum toxin type A (BOTOX; Allergan Inc., Irvine, CA) was used for each patient. The muscles to be injected and the appropriate doses for the individual muscle were selected according to the spasticity pattern of each patient. One or more of the elbow flexor muscles (biceps brachii, brachioradialis, and brachialis) were included for each patient, as well as one or more of the wrist flexor muscles (flexor carpi radialis and flexor carpi ulnaris) or one or more of the finger flexor muscles (flexor digitorum profundus, flexor digitorum superficialis, and flexor pollicis longus), which also flex the wrist. For the clear measurement of flexion and extension without rotation, the pronator teres muscle was excluded. One vial containing 100 U of botulinum toxin type A was diluted with 2 mL of normal saline. Botulinum toxin was injected by one experienced physiatrist with electrical stimulation and/or ultrasound guidance.
Measurements
Spasticity was evaluated with the modified Ashworth scale 9 and the modified Tardieu scale 10 in the elbow and wrist joints of the hemiplegic upper extremity. Modified Ashworth scale scores of 1þ, 2, 3, and 4 were changed respectively to 2, 3, 4, and 5 for statistical analysis. 11 For modified Tardieu scale measurement, the angle where the catch was beginning to be felt was defined as R1, the angle of maximum passive range of motion was R2, and the difference between R1 and R2 was designated D (dynamic range). 10, 11 Manual muscle testing, passive range of motion, and Brunnstrom stage were also checked in the same joints. Modified Tardieu scale and passive range of motion were evaluated with a manual goniometer. Functional evaluation was performed with the modified Barthel index 12 and the Fugl-Meyer scale 13 of the hemiplegic upper extremity. Patients were assessed just before the injection (pre) and 4 weeks later (post). Assessment was performed by one of the investigators who was blind to the group allocation.
Statistical Analysis
The sample size was calculated based on standardized effect sizes obtained from previously published data from patients with brain lesions.
14 Power analysis was performed using the G Ã Power software version 3.1 (University of Dusseldorf, Dusseldorf, Germany). We expected only small numbers of chronic stroke patients to be undergoing rehabilitation, and a priori analysis with the Mann-Whitney U test indicated that a sample size of at least 8 patients in each group would provide a statistical power of 80% (b ¼ 0.20 and a ¼ 0.05). Taking into account the 10% dropout rate, a total of 18 patients were needed.
Statistical analysis was performed using SPSS version 22.0 (SPSS Inc., Chicago, IL). Baseline characteristics between the 2 groups were compared with the Mann-Whitney U test for continuous variables and with Fisher exact test for categorical variables. Changes within each group were analyzed with the Wilcoxon signed-rank test. Comparisons between the 2 groups at each time-point were performed by the Mann-Whitney U test. A P value <0.05 was considered statistically significant.
RESULTS
Fifteen subacute stroke patients and 13 chronic stroke patients were recruited, and 9 subacute patients and 9 chronic patients completed the study ( Figure 1 ). No adverse events related to botulinum toxin injection occurred during this study. No significant differences were found between the 2 groups in terms of age, sex, type of stroke, side of hemiplegia, or comorbidities. The days from stroke to botulinum toxin injection differed between the 2 groups. The range of duration was 28 to 160 days in subacute group, and 2634 to 6585 days (7-18 years) in chronic group. The results of the initial evaluation showed no significant differences except on the modified Barthel index (Table 1 ).
In the aspect of spasticity, the modified Ashworth scale score was improved significantly in the elbow and wrist extensors of subacute patients only, and the modified Ashworth scale score after 4 weeks was different between the 2 groups (P ¼ 0.004 for the elbow and P ¼ 0.007 for the wrist). Results of the modified Tardieu scale showed improved R1 in the elbow and wrist extensors of both groups, and R1 of the wrist extensor after 4 weeks was different between the 2 groups (P ¼ 0.019). Elbow extensor D was improved in both groups. Wrist extensor R2, which was the same value as wrist extension range of motion, was improved in the subacute patients, and was different after 4 weeks between the 2 groups (P ¼ 0.008) ( Table 2) .
There was no change in manual muscle testing of the elbow and wrist in the chronic patients. Manual muscle testing of the elbow extensor was improved in the subacute patients. Range of motion was improved only in the wrist of the subacute patients. Brunnstrom stage of the upper extremity was not changed in both groups. The chronic patients showed no change in the modified Barthel index, whereas the subacute patients showed improvement in the modified Barthel index. The FuglMeyer scale score of the hemiplegic upper extremity was improved in both groups (Table 2) .
DISCUSSION
In this study, botulinum toxin injection improved general aspects of spasticity in the subacute patients; however, the effects on modified Tardieu scale scores of the elbow and Fugl-Meyer scale scores of the hemiplegic upper extremity were comparable between the subacute and chronic groups.
To the best of our knowledge, this is the first study to compare the effects of botulinum toxin between subacute and chronic stroke patients in the same setting. Previous studies investigated the effects of botulinum toxin in stroke patients with relatively similar duration (acute, subacute, or chronic) from stroke onset or at a determined time from onset (3 months or 6 months were frequently used). Systematic reviews and meta-analyses pooled multiple studies without considering stroke duration.
The main effect of botulinum toxin injection in the upper extremity was the improvement of spasticity. Meta-analyses 3, 15 have reported improvement on the modified Ashworth scale and the modified Tardieu scale; most of the studies used the modified Ashworth scale and some measured the modified Tardieu scale. However, in this study, the modified Ashworth scale score was improved in subacute patients only. In chronic patients, the modified Ashworth scale score of the wrist Eligible patients (n=15)
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Chronic stroke extensor was decreased without statistical significance, and the modified Ashworth scale score of the elbow extensor was almost unchanged. The modified Ashworth scale score of the elbow and wrist extensor after 4 weeks was different between the 2 groups. There have been studies 16, 17 on botulinum toxin injection in which the results showed no improvement on the Ashworth scale or the modified Ashworth scale. The effect of botulinum toxin injection on the modified Ashworth scale score in chronic patients could be lower than expected, and further studies with stricter grouping of stroke duration are needed.
On the contrary, modified Tardieu scale scores were improved in both groups. R1 in the elbow and wrist extensors and the elbow extensor D showed statistically significant changes in the 2 groups, and R1 and D of the elbow extensor after 4 weeks did not differ between the 2 groups. Improvement of Tardieu scale scores with botulinum toxin injection was also reported previously. 18 The Tardieu scale and the modified Tardieu scale are supposed to reflect spasticity more clearly than the modified Ashworth scale, with the possible ability to differentiate contracture from spasticity. 11, 19 This study showed 11 whereas in the present study, the changes in R1 and D were statistically significant in both groups. Because the change in R2 would be small in chronic patients with contracture, R1 might be more suitable for spasticity measurement.
Weakness of injected muscles is an expected but undesirable effect of botulinum toxin. However, manual muscle testing of the elbow flexors and the wrist flexors was unchanged in both groups. Due to the reduced flexor muscle tone, manual muscle testing of the elbow extensor was improved in the subacute patients. Wrist extension range of motion (wrist extensor R2) and passive range of motion of the wrist were improved in subacute patients only. Improvement of passive range of motion after botulinum toxin injection in patients with brain lesions that had developed >1 year previously was reported, 20 but in the chronic patients, the effect could be lower than expected. Although botulinum toxin injection with rehabilitation, dynamic splinting, or serial casting improved contracture in several reports, 21, 22 botulinum toxin injection during the subacute period is recommended to prevent contracture.
The modified Barthel index was improved in the subacute patients, whereas it was nearly fixed in the chronic patients. Improvement of the Barthel index after botulinum toxin injection was not supported in a systematic review. 4 The Barthel index was not correlated to the degree of spasticity in botulinum toxin-treated patients because mobility and continence items are included in it. 23 Therefore, improvement of the modified Barthel index in subacute patients might be the result of spontaneous recovery. Only small room for improvement of the modified Barthel index remained in the chronic patients because the modified Barthel index of these patients had already reached the maximum score before botulinum injection.
In contrast, the initial Fugl-Meyer scale score of the hemiplegic upper extremity was far off the full score of 66 in the chronic patients. After botulinum toxin injection, the Fugl-Meyer scale score was improved in both groups, and there was no difference after 4 weeks. There have been several studies using the Fugl-Meyer scale as a measure after botulinum toxin injection, and some reported improvement, 24, 25 whereas others did not. 7 The Fugl-Meyer scale for the upper extremity reflects motor function with more detail because of the 1 to 66 point system. Although botulinum toxin injection did not improve Brunnstrom stage or the modified Barthel index in the chronic patients, it did bring improvement of the Fugl-Meyer scale score for the hemiplegic upper extremity, which means functional improvement. In this study, improvement of spasticity after botulinum toxin injection seemed to be better visualized in the subacute patients; however, improvement of the modified Tardieu scale for the elbow and the Fugl-Meyer scale score for the hemiplegic upper extremity was not different between the 2 groups. Consequently, improvement of spasticity and function was shown even in the chronic patients, and the change could be easily visualized by assessments such as the modified Tardieu scale and the Fugl-Meyer scale for the hemiplegic upper extremity.
The present study has several limitations. First, the comparability of the 2 groups was not affirmed in some variables. Although the differences were not statistically significant, the subacute group was mainly composed of older patients with cerebral infarction, whereas the majority of the chronic group consisted of relatively younger patients with cerebral hemorrhage. For economic reasons, it is not easy for chronic stroke patients to be in rehabilitation treatment continuously, and 5 of the 9 chronic patients in this study were undergoing rehabilitation with the help of Workers' Compensation insurance. Cerebral infarction is more difficult than cerebral hemorrhage to accept as an industrial disaster, and this situation might affect the different rates of stroke causes and ages in this study. However, it was reported that spasticity and changes after botulinum toxin injection were not different between cerebral infarction and hemorrhage, 26 and the causes would not influence the results of this study. Another difference between the 2 groups was the initial value of the modified Barthel index, which was fixed in the chronic patients while the subacute patients were in the process of improving it. In other words, the chronic patients acquired maximum independence despite their spasticity, but the subacute patients did not. The second limitation was that this study was comprised of a small number of patients. This was because of the small number of chronic patients undergoing continuous rehabilitation treatment. Further studies with large numbers of patients are needed. Third, the assessor was aware of the evaluation time, which was pre-or post-botulinum toxin injection; the blinding was only to the group allocation. The reason for singleassessor assignment was to eliminate inter-rater reliability issues in the measurements. Further large-scale studies with a doubleblind design are needed.
In conclusion, botulinum toxin injection in the subacute period is recommended because it can improve spasticity, contracture, and function. However, botulinum toxin injection can improve spasticity as evaluated with the modified Tardieu scale for the elbow and function as evaluated with the FuglMeyer scale for the hemiplegic upper extremity in chronic patients, and the effects are comparable to those in subacute patients. In addition, studies on the effects of botulinum toxin injection might consider stroke duration more strictly.
